Background: There has been a tremendous surge in stroke prevalence in sub-Saharan Africa. Hypertension (HTN), the most potent, modifiable risk factor for stroke, is a particular challenge in sub-Saharan Africa. Culturally sensitive, efficacious HTN control programs that are timely and sustainable are needed, especially among stroke survivors. Mobile health (mHealth) technology and task-shifting offer promising approaches to address this need.
INTRODUCTION
T here has been tremendous surge in stroke prevalence over the past 4 decades in low-and middleincome countries (LMIC), including sub-Saharan Africa (SSA). 1, 2 This scenario has been engendered by profound escalations in rates of traditional vascular risk factors such as hypertension (HTN), dyslipidemia and diabetes mellitus among adult populations in SSA. 3 HTN is the most potent modifiable risk factor for incident and recurrent strokes. [4] [5] [6] Differences in the levels of awareness and control of vascular risk factors, particularly HTN between populations in LMIC and high-income countries, may account for the diverging secular trends in stroke incidence and prevalence in these 2 settings over the past 40 years.
Unfortunately, the burden of stroke in SSA, 7, 8 is projected to increase substantially over the next several decades, 9 a situation likely to be compounded by the low prevalence of awareness, treatment and control of HTN in SSA. 10, 11 Achieving and sustaining blood pressure (BP) control is a particular challenge in SSA. 7, 12 Key factors responsible for uncontrolled HTN are medication nonadherence, failure to intensify therapy in a timely manner (i.e., therapeutic inertia) and treatment resistant HTN. [13] [14] [15] [16] However, systematic reviews of randomized control trials have indicated that BP self-monitoring, medication reminder tactics and use of case managers each improve adherence, therapeutic inertia and BP levels. [17] [18] [19] [20] Occurrence of prior stroke is the strongest predictor of future stroke, with this risk being greatest during the first 3 months poststroke. 21 Initiation of prevention strategies are most effective when implemented early, monitored frequently and maintained long term after an index stroke. 22, 23 Thus, culturally sensitive, efficacious BP control programs, which are acceptable, feasible, timely and sustainable are needed, especially among hypertensive stroke survivors, the group at highest risk for future stroke. 24 Mobile health (mHealth) technology offers a promising approach to address this need. 25, 26 has produced promising results in chronic disease (i.e., HIV) management in SSA. [30] [31] [32] However, the potential for mHealth for the management of vascular risk factors among stroke survivors has not been explored within the African context.
The aims of our study were to explore the barriers, facilitators and recommended mHealth intervention strategies to control HTN in poststroke survivors. Specifically, we sought to assess stroke survivors willingness to use mHealth services for stroke and HTN care, to identify what educational and training needs they would have, and explore what types of technical support was readily available. We assessed the demographics, self-reported medication adherence and attitudes of 200 stroke survivors toward mobile phone for remote monitoring for chronic disease management and then assessed perceptions and willingness of stroke survivors to participate in research studies to evaluate the feasibility of mHealth for HTN control.
METHODS

Theoretical Framework
Investigators used the social ecological model (SEM) to frame the data collection and data analysis. 33 The SEM considers the larger environment context and how it influences an individual's life. Through this social ecological lens, factors such as physical, interpersonal, cultural, community and organizational influences, among others, are evaluated to consider the context within which one lives and the reciprocal nature of environment on health, health behaviors and health outcomes. 33 
Study Design and Setting
This study was approved by the Committee on Human Research Publication and Ethics (CHRPE) of the School of Medical Sciences, Kwame Nkrumah University of Science and Technology (KNUST), and the Komfo Anokye Teaching Hospital, Kumasi, Ghana. The study was conducted at the Neurology Clinic of the Komfo Anokye Teaching Hospital, a tertiary medical center and the Kwame Nkrumah University of Science & Technology Hospital, both in Kumasi, Ghana. Kumasi is the second largest city in Ghana with an estimated population of 2 million inhabitants. 34 The Neurology clinic, established in 2011 by one of the investigators (F.S.S.), serves an estimated population of 10 million people and receives referrals for adults 416 years with neurologic disorders from 6 of the 10 administrative regions of Ghana. 35 This study used a concurrent triangulation design to enhance exploration of the aforementioned research objectives. 36 Our study concurrently collected quantitative data via survey instruments described below and qualitative data through key informant interviews (KIIs) and focus groups (FGs). Within a concurrent triangulation design, quantitative and qualitative data are collected and analyzed separately and then data are compared and combined to cross-validate findings.
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Simultaneously collecting both quantitative and qualitative data regarding HTN among stroke survivors, their caregivers and key stakeholders, allows the research team to best understand the needs, priorities and resources available to further design interventional studies to meet this pressing clinical need.
Quantitative Methods
A total of 234 consecutive stroke survivors attending the Neurology service were approached for the quantitative survey, of which 200 were enrolled into the study after obtaining informed consent. Thirty-four stroke survivors with aphasia without a proxy were excluded. Demographic information, including age, gender, educational status, vascular risk factor profile, stroke type and stroke severity, was assessed using National Institute of Health Stroke Scale (NIHSS). Trained research assistants collected functional status, assessed using Barthel's index and Modified Rankin scale through interview of stroke survivors or their proxy. Stroke type was determined using a computerized scan (CAT) of the brain within 10 days of stroke onset and classified as ischemic or hemorrhagic. Those who had clinical features suggestive of stroke but who did not have a CAT scan were classified as undetermined. The NIHSS is a validated instrument used to assess stroke severity with a score range of 0-42.
Measurements and Definitions
The weight of study subjects was measured in kilograms using a scale with patient standing at the anatomical position on a scale and the height in centimeters was measured using a stadiometer with patient standing in the anatomical position in front of the stadiometer. The weight and height measurements were used to calculate the body mass index. Subjects with body mass index ≥30 kg/m 2 were classified as obese. 37 BP was measured thrice on the upper left arm using a validated automatic sphygmomanometer, with at least 5 minutes of rest between the second and third readings and results were averaged for analysis. HTN was diagnosed if the patient was on antihypertensive medications over the last 15 consecutive days or if the patient had a systolic or diastolic BP of 140 or 90 mm Hg, respectfully.
Participants were considered to have diabetes mellitus if they were on hypoglycemic medications or if their fasting blood glucose levels were 4126 mg/dL or HBA1C 46.5%. 38 Dyslipidemia was defined as a high total cholesterol 4200 mg/dL or LDL-cholesterol 4130 mg/dL, triglyceride 4150 mg/dl or HDL-cholesterol o40 mg/dL for women and o50 mg/dL for men or previous use of statin for dyslipidemia. 39 Cardiac disease including myocardial infarction, rheumatic valvular heart disease and prosthetic heart valve, atrial fibrillation or flutter was based on self-reported history, clinical examination, and review of baseline electrocardiogram or echocardiography results at enrollment into care at the neurology clinic.
Current smoking status and alcohol intake were ascertained through report from either the patient or a reliable relative. A high alcohol intake was defined as ≥14 U per week for women, ≥21 U per week for men. Physical activity status of participants was assessed using the International Physical Activity Questionnaire. Responders who reported spending more than half the day on their feet or were involved in daily exercises were classified as physically active. Those who spent less than half of the day on their feet or led a sedentary life were classed as physically inactive as has previously been applied.
Remote BP Monitoring
Each enrolled participant was then given a verbal description of mHealth and shown a video demonstration of the procedural steps using BP monitoring and medication reminder system that included the use of a wireless Bluetooth-enabled BP monitor that would be used to take the participant's BP and pulse every 3 days in the morning and evening; use of a smart phone with an application that automatically acquired and presented audio and visual results of the BP readings and forwarded encrypted BP data from the phone to a secure server; and a text or phone message sent to the phone to remind the participant to take their medications. Adherence with medication would be tracked in real time and would trigger the delivery of motivational and social reinforcement messages via text, e-mail or phone the following day based upon degree of adherence. Following the video demonstration of the prototype system, the participant was then asked to complete the mHealth-related survey and medication adherence scale.
mHealth-Related Survey
A 10-item survey evaluated participants' attitudes toward mHealth and telemedicine-based remote monitoring. Nine items were scored on a 5-point Likert scale ranging from "strongly disagree" to "strongly agree" whereas 1 item had only 2 choices (Yes or No). The items were adapted from a questionnaire used to assess patients' attitudes toward mobile phone based remote monitoring for chronic illness. Cronbach α for internal consistency in the current sample for the 9 items was 0.87.
Medication Adherence Scale
A 7-item modified Morisky Medication Adherence Scale was used to assess medication adherence among the participants. The modified Morisky scale provides a score from range 0-7 with higher scores indicative of higher adherence to medication.
Qualitative Methods
Through the qualitative portion of our study, we sought to specifically explore barriers, facilitators and recommended mHealth intervention strategies to control HTN in poststroke survivors in Kumasi, Ghana using FGs and KIIs. The following research questions were addressed: (1) What are the individual, interpersonal, health system and community barriers and facilitators for HTN control and use of mHealth tools (with documented efficacy in high-income countries) among Ghanaian stroke patients? (2) What are the recommended intervening strategies to develop a successful intervention and research study within the Ghanaian health system and community?
Stroke survivors with HTN, their caregivers and community-based spiritual or faith leaders were recruited using a purposive sampling design. 40 Faith and spiritual leaders were included to understand their perspectives on stroke, medication adherence, beliefs and on mobile health as a potential platform for increased care management, given the extent of complementary or alternative treatment modalities utilized within this geographic region. 41 A total of 28 individuals participated in the 4 FG sessions, 3 were comprised of stroke survivors with HTN and their caregivers, and 1 with community and faith-based leaders. In addition to the priority objectives listed above, FGs were used to explore potential patient specific barriers and facilitators of medication adherence, BP self-monitoring and achieving HTN control at the individual, interpersonal and community levels of the SEM, 33 receptiveity toward a nurse-led model. A FG guide was developed to ensure a systematic and consistent approach in obtaining information from each FG to identify: (1) beliefs about HTN and stroke risk factor control, (2) existing self-management strategies and experiences, (3) expectations and preferences, (4) knowledge and (5) impressions of nurse navigators and remote monitoring or mHealth technology.
KIIs with healthcare providers and hospital administrators (n ¼ 10) were conducted using semistructured qualitative inquiry. Through the KIIs, we sought to explore and understand their perspectives on hyptertension management among stroke survivors and elicit their opinions on the feasibility and practicabilty of mHealth as a potential approach to address HTN among this population, and perceptions on the possibility of taskshifting through a nurse-led model. Participants represented 5 KNUST hospital departments (neurology, social work, pharmacy, nursing administration and information technology). A semistructured interview guide was used to guide discussion in the following areas: (1) current approaches to HTN treatment and stroke risk factor control, (2) perceived gaps in care, (3) cultural competence or communication, (4) knowledge of treatment guidelines, (5) impressions of in-hospital health education, involvement of nurse navigators and mHealth home BP monitoring.
A separate semistructured interview guide was designed for hospital administrators covering these topics: (1) information technology systems support or assessment of accessibility or adequacy of administrative databases and systems for use in intervention and (2) impressions of home BP monitoring and the concept of nurse navigators for chronic disease and symptom management.
FGs and KIIs were transcribed verbatim with strikeouts of any identifiers that might breach subject confidentiality. Transcriptions of audiorecordings were translated to English for interviews conducted with non-English speaking study participants.
Data Analysis
As is standard within a concurrent triangulation design, quantitative and qualitative data were collected and analyzed simultaneously and then compared or contrasted. 36 Basic descriptive statistics of the survey data, including means, standard deviations and frequencies for variables were conducted using SPSS 19.0 (IBM Statistical Package for the Social Sciences). Transcripts of the audiorecordings and field notes from the KIIs and FGs were used for the qualitative data analysis. The investigative team reviewed transcriptions with recordings to check for accuracy and authenticity and imported into NVivo 11.0 (QSR International, Pty, Doncaster, Victoria, Australia) for data analysis using a directed content analysis approach. 42 Transcripts were coded using the SEM and a priori categories consistent with the research aims. An experienced qualitative researcher conducted line-by-line analysis of raw text. American and Ghanaian collaborators validated 10% of the coding to establish inter-rater reliability and increase trustworthiness, a measure of credibility and rigor in qualitative methodology. Disagreements of attribute codes were resolved through discussion to achieve consensus. A thematic codebook was specified for content differences in FGs and interviews. 43 
RESULTS
Demographic and Clinical Characteristics of Stroke Survivors (Survey Participants)
Of the 200 stroke survivors who participated in the quantitative portion, 52.5% were males and the median (IQR) age was 62 (52-72) years. Seventy-three percent were employed and 65% were married. Stroke survivors had experienced the initial stroke for a median of 2 years, and had the following co-morbidities: HTN (93%), diabetes mellitus (42.5%) and dyslipidemia (31%) as shown in Table 1 . Of the hypertensive stroke survivors, 60% were not on target with BP control.
Medication Adherence
In total, 177 participants (88.5%) reporting taking their medications everyday of the previous week and 179 (89.5%) reported taking their medications the day before, 50 participants (25%) reported forgetting to take their BP medications "sometimes" whereas 87 reported forgetting to take their medications when traveling. Only 41 (20.5%) reported taking their medication because they were going to see their doctor and 10% stopped taking prescribed medicines when "everything was fine." Only 43 (21.5%) reported having difficulties remembering to take all their medications, whereas 159 (79.5%) took their medicines within 30 minutes if they forgot to take their pills at the exact time.
Mobile Phone and Disease Monitoring Device Use
Three-quarters (76%) of participants had access to a mobile phone, with nearly a quarter reporting access to a smart phone (22.5%) and Internet (24.5%) as well. Totally, 127 (63.5%), 34 (17%), 31 (15.5%) and 27 participants (13.5%) could send or receive text messages, use the Internet, send or receive e-mails and download ringtones or apps respectively. However, 97%, 92% and 60.5% of participants reported having someone in their household with a working cellular phone, someone who could help them use their cellular phone and someone with a smart phone in their household, respectively. In all, 30% had a home BP or blood sugar monitoring device while only 2.5% reported having a pill dispensing device at home.
Attitudes and Perceptions Toward mHealth
Study participants generally had positive attitudes of perceived benefits of mHealth as shown in Table 2 , although only 2% had previously heard about mHealth or telehealth. A total of 99.5% of participants expressed a willingness to participate in a research study involving mHealth and the majority (96.5%) thought it would be worthwhile to conduct studies on how mobile phone or computers could help with control of BP in the community. Almost 98% believed controlling BP could prevent a stroke.
Demographic and Characteristics of FG Participants
The mean age of those who participated in the FG sessions was 55.3 years, and included stroke survivors (n ¼ 13), caregivers (n ¼ 9) and faith-based community leaders (n ¼ 6). Seven stroke survivors participated in both the quantitative and qualitative portions of this research. Overall, most FG participants were females (n ¼ 18), married (n ¼ 18) and of the stroke survivors, 8 experienced the index stroke o1 year from date of data collection and the remainder were over 1 year (n ¼ 5).
Twenty two participants (78.6%) reported access to mobile phones, which is consistent with the findings from the survey.
FG and KII Results
Barriers were identified at each level of the SEM and exemplary quotes are noted in Table 3 . Facilitators, while not explicitly stated during the FGs, fell generally within the domains of willingness and receptivity toward adopting alternative approaches and learning new skills. Access to mobile phones was consistent with prior reports within SSA of approximately 73%. 27, 28 Consistent with concurrent triangulation design, we compared data from qualitative and quantitative approaches. Among our population, 76% of survey participants had access to mobile phones, which was confirmed during the FGs as most (n = 17) respondents either had 1 themselves or had regular access to 1 in their household and 180 individuals surveyed (90%) expressed comfort (agree or strongly agree) with their ability to use a mobile phone.
Support for a nurse-led navigational model was consistent among FG and KII. Stroke survivors and their caregivers expressed that having a nurse available to guide them through the management of their care poststroke, including management of their BP, would be helpful. This was supported through discussion with mHealth, as well. One participant stated She (nurse) would be able to explain how to use it and guide us on BP control and tell us some things on diet and other things related to the illness.
Administrative and physician support also confirmed this through statements such as I think that in the community it would be highly accepted for the reasons I mentioned, like reducing the burden and giving individualized care and that is why a nurse-led navigation would really help, as I have realized that nurses are good at advising patients…
Reducing clinical burden and addressing transportation and financial challenges inherent within the current model of care delivery were reasons identified in favor of both mHealth and a nurse-led navigational model. Potential challenges to be considered before implementation of such programs include educational needs (patient, family and nursing), technological limitations (connectivity) and cost (mobile phones, equipment and data). Stroke survivors and their caregivers shared concerns over current comfort level with technology and the need for training but strongly conveyed a willingness to adopt this type of ongoing follow-up for care management with adequate training and support. Hospital administration, including information technology specialists and clinicians echoed a willingness to adopt these approaches.
It would be good if the device uses both chargers and a battery for the power cuts that happen here.
Although they will accept it, they wouldn′t have wireless services.
I think this requires education to some extent and after that people can use it well.
Many people just carry phones but hardly know much about using it for other purposes aside from receiving or making calls. They would be very interested if they can get some help for using this technology.
It seems like it will be of great benefit to the patients, especially those who have to travel from far places to come to the hospital. Having this would reduce the number of patients coming for the BP checks and also would save them some money on transport.
Following both separate quantitative and qualitative data analysis, data from each were compared and contrasted for convergence and divergence according to the SEM. Although stroke survivor clinical measures obviously were individually focused, responses from both sets of data, quantitative and qualitative represented consistent support when considered within the SEM framework. Examples include factors contributing to medication adherence (individual, interpersonal and policy level factors) and access to technology converged • You know mobile device is not part of our general day to day activities. Once it is introduced we will know how to go about it.
• Nonadherence: …among the men you notice that they stop taking their medications due to the fear of getting sexual dysfunction…
• Transportation: Sometimes there is no one to bring me to the hospital.
• The hospital was also far from where I lives so coming every month was not easy for me.
• Beliefs: I know somebody who was taken to the pastor and he told her that someone has put a spell on her and that is why she had the stroke.
• We have this belief that medicinces do not help.
• It was God's time to give me such a sickness at that time…that is what I think.
• Financial: I will say it is the financial issues. Some of the drugs are costly and it is not easy to buy all of them.
• If you are a pensioner…buying the drugs is not easy.
Interpersonal
• Financial: The money is a big problem…I am a man and I need to provide for my family. You know, here in Ghana, the women expect you to look after them; even if you are dying, you still have to look after your women.
Organizational
• Provider limitations: The load of the patient every day to see a doctor.
• The doctor patient ratio.
Community
• Religion/beliefs: In our church we believe that we are not supposed to take medicines.
• Certain tribes have strong beliefs.
• Most Ghanaians are religious people so quite apart from the Orthodox medicines we prescribe for them…they resort to faith-based beliefs.
• It is a common belief like some say somebody has caused that to you. Like for my father they said that someone is doing that to him; the pastor also said that to him so we also believed it.
• Infrastructure: We have lots of problems with power cuts so that is the challenge.
• Access: I think its also accessibility of the herbalists. The herbalist might just be a walking distance away from your home so you take the patient there but the hospital might be far…it is more affordable to go to the herbalist.
Policy
• Clinical guidelines: There are no local guidelines for the management of hypertension in stroke patients so we use the guidelines in America. We do not really know the applicability of these guidelines in our patients.
between data sets and within the model. Participants who completed surveys as well as those who were enrolled in the FG sessions identified high levels of individual or interpersonal access to mobile devices, which was supportive of future interventional efforts but identified community-level and policy (governmental) related concerns with inconsistent connectivity access. Using a mixed methodological approach increases confirmability of data, thus better informing future work in this area.
DISCUSSION
The results of this study support the need for innovative approaches to address HTN management among stroke survivors in Ghana. Interventions, especially those implemented in LMICs, need to be culturally relevant, cost-effective and built upon existing infrastructure for expediency, as the burden of hypertention among stroke survivors in SSA, including within Ghana, is burgeoning. Proximity to care, financial limitations, high patient to physician ratios and cultural and spiritual beliefs influence access to care, care management and medication adherence among this underserved population. Moreover, limited healthcare personnel, inadequacy of healthcare systems and a paucity of treatment options, compound this issue, thus necessitating a call for action.
Our study explored the barriers, facilitators and potential use of mHealth as a strategy to control HTN among poststroke survivors, including the perceptions, beliefs and willingness of patients and their caregivers to use mHealth for follow-up stroke and HTN care management. Both qualitative and quantitative data overwhelmingly supported the use of mHealth to manage poststroke care and medication management, including through a nurse-led navigational model. Our concurrent triangulational design study assessed findings at all levels of the SEM and yielded confirmatory results between survey, FG and KIIs data. Ghanian hospital administrators, information technology personnel and clinicians also support both the use of mHealth and a nurse-led navigational model for enhanced care delivery among the population of interest. Moreover, the SEM explored through qualitative inquiry is a useful approach to best understand the multifactorial, multisystem needs of stroke survivors and their caregivers in real world settings.
Although consistent support for these approaches was evident, concerns over cost, training and continuity of connectivity were expressed by participants. These challenges would need to be further explored and addressed before any large scale programmatic implementation. Given that prior stroke is the greatest predictor of future stroke, that HTN is one of the most modifiable risk factors for stroke and that the prevalence of HTN, especially in rural areas of SSA, is estimated around 70%, 8 there is a pressing need for interventions to address this clinically significant health priority. MHealth may be a viable, low-cost, innovative approach to reducing the burden of HTN among stroke survivors in SSA. We have since completing the present study, commissioned an on-going pilot, feasibility randomized controlled trial in Ghana to test whether an mHealth technology-enabled, nurse-led, multilevel integrated approach is effective in improving BP control among stroke patients within 1 month of symptom onset compared with standard of care. Included in our current feasibility trial is an expanded evaluation of infrastructural support, connectivity assessments and costs of implementing an mHealth intervention among stroke patients. 44 A feasible and preliminarily effective intervention would lead to a larger more definitive efficacy or effectiveness randomized controlled trial powered to look at clinical events, with the potential to reduce stroke-related morbidity and mortality in LMICs.
